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1 Introduction 
   Some characteristic slopes such as piedmont gentle slopes and block streams are 
well-developed in the northern Kitakami Mountains. Most of them are thought to 
have been formed under cold climate of late Pleistocene time (Suzuki 1962, Matsumoto 
1971, Higaki 1987, etc.). However, Higaki (1987) suggested that lower head hollow 
slopes, taluses, and alluvial cones had been formed since latest Pleistocene time. 
Furthermore Saijo (1987) reported that the lowest river terrace along the upper 
Mabechi River is frequently overlain by alluvial cones. These facts show that some 
other type slope processes have prevailed under warming climate since latest Pleis-
tocene time in the northern Kitakami Mountains. 
   This paper discusses slope formation in latest Pleistocene and Holocene times on 
the basis of some dated alluvial cone deposits in the northern Kitakami Mountains 
area.
2 Study Area 
   Alluvial cones studied in this paper are located in the basin of the Yamagata River 
and of the Tobetsu River, branches of the Mabechi River and the Kuji River respective-
ly (Fig. 1). These rivers run through the northern Kitakami Mountains dominated by 
undulating or gently rolling landscape and chiefly composed of Paleozoic sedimentary 
rocks except the granitic rock area around Mt. Akkamori. Although river terraces 
are not so well-developed along these rivers, two lower trraces, Terrace II and III, are 
distinguishable along the upper Mabechi River (Saijo 1987). It is tephrochronological-
ly estimated that both terraces were formed in the last glacial stage. 
   Among many time-marker tephra layers in the study area, this paper takes notice 
of the Towada-a afa (To-a) of 915 A.D. (Arai et al. 1986) and the Akka volcanic ash 
(AK) of about 5,000 yr B.P. (Kikuchi et  al. 1981)
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Fig. 1 Map showing the study area. 
   Contour  interval  : 100 m.  
1  —5  : Locality numbers. 
   a,  b  : Areas shown in Fig. 2.
3 Description 
   Any alluvial cone, swelling mostly at its center and spreading like a fan, is 
developed at the outlet of a first or second order gully which, sloping more than 15 
degrees in general, stretches for several hundreds meters. No perennial stream is 
observed on the gully floor. Each alluvial cone varies in its size according to the 
dimension of gully behind. Both length and width of the largest alluvial cone in the 
study area are more than one hundred meters. Such large cones are often dissected. 
Alluvial cones frequently cover the lowest river terrace formed around 13,000 yr B.P. 
in the upper Mabechi River basin (Saijo 1987, Fig. 2). 
   The deposits of alluvial cones are observedat Locs.  1-5 (Fig. 1). At Loc. 1,
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Fig. 2 Geomorphological map along the upper Mabechi River. 
 1: Higher Terrace,  2: Terrace I,  3: Terrace II,  4: Terrace 
   mont gentle slope,  6  : alluvial cone. 
 Ic  : Ichinohe,  Ko  : Kozuya,  An  : Anetai,  Sh Shimofuyube, 
   hata,  Ne  : Nesori River,  Hi  : Hiranuka River.
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poorly sorted angular gravel mixed with silty-sandy matrix intercalates AK and two 
buried soil layers (Fig. 3). The C-14 dates of the upper buried soil and charcoal in it 
are  3,200+120 yr B.P. (TH-1246) and  4,650t  HS yr B.P. (TH-1216), respectively. These 
dates show that the angular gravel was transported in the latter half of Holocene age. 
Many trees alive on this alluvial cone (Photo 2) indicate that the supply of material 
almost ceased already. 
   The alluvial cone at Loc. 2 is so small as to be called talus accompanied by a small 
gully. The aluvial cone deposits containing scanty gravel intercalate AK and two 
buried soil layers (Fig. 3). The C-14 age of the upper buried soil, recognized about 2.5 
meters above AK, is  5,510t yr. B.P. (TH-1247). It contradicts the above-mentioned 
age of AK. The reason is unknown.
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Columnar sections at Localities 1-5.
soil,  b  : gravel,  c  : sand, 
cracky band.  
: C-14 samples.
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Photo. 1 An alluvial cone covering lower river terrace along the Yamagata River 
   branch of the Mabechi River.
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Fig. 5  Landform development and climatic change since latest Pleistocene time in 
   the northern Kitakami Mountains.
   At Locs. 3 and 4, the ages of uppermost part of alluvial cone deposits are estimated 
as follows. At  Loc.  3, lower part of surface soil, covering angular gravel which 
contains AK, is dated  1,12W  la yr B.P. (TH-1248, Fig. 3). And To-a is found in the 
uppermost horizon of the alluvial cone deposits at  Loc.  4 (Fig. 3). Because both of 
these alluvial cones are presently vegetated, they are unlikely to be formed at present. 
   Loc. 5 shows the angular gravel, sand and pebbly gravel with brown weathered 
volcanic ash matrix, and sandy subangular-subrounded gravel in descending order 
(Fig. 3, 4). The sand and pebbly gravel layer is lain between two somewhat weathered 
layers associated with a little organic material. An unknown pumice layer is recog-
nized in the lower part of the sand and pebbly gravel. While it is not elucidated yet 
whether the sandy subangular-subrounded gravel was transported by the main stream 
or the gully, the uppermost angular gravel becomes thicker near the outlet of gully and 
its facies resembles those of other alluvial cone deposits. These facts suggest that the
Table 1 C-14 Dates of alluvial cone deposits.
Loc. No. Code  N  o. Material
Radiocarbon Age 
   (yr  B.P.)
1 
1 
2 
3 
3 
5 
5
TH-1216 
TH-1246 
TH-1247 
TH-1248 
 TH-1180 
TH-1217 
TH-1376
charcoal 
buried soil 
buried soil 
  soil 
buried soil 
charcoal 
buried soil
 4,650/+140, 
3,200  ±120 
 5,510/+160, 
 1,120/+110, 
3,390  ±  130 
 13,170/+270, 
 12,970/+340,
—130
—150 
—100
 —260 
 —320
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angular gravel layer is the chief component of this alluvial cone. So the C-14 dates 
of TH-1217 and TH-1376, both of which indicate about 13,000 yr B.P., show the age of 
the bottom of alluvial cone deposits. 
   From these observation, the general character of alluvial cones in the study area 
is summarized as follows. The deposits composing the alluvial cones are mostly 
angular gravel with no or poor bedding and sorting. AK are found in the deposits at 
almost all localities, and To-a is intercalated in the uppermost part of deposits at Loc. 
4. In the deposits, there are several organic materials such as buried soil and charcoal 
that show various age ranging from 13,000 to 1,000 yr B.P. Alluvial cones are frequent-
ly covering the lowest river terrace.
4 Discussion 
   C-14 dates, tephrochronological data, and the relation of alluvial cones to river 
terrace indicate that the formation of alluvial cone in the northern Kitakami Moun-
tains began around 13,000 yr B.P. and continued until about 1,000 yr B.P. at earliest, 
however the alluvial cones don't seem to be still growing. 
   The morphological characteristics suggest that material composing alluvial cones 
were supplied through the gullies by processes related to water. As already described, 
such gullies have no perennial stream. Furthermore a few buried soil layers in the 
alluvial cone deposits show that the alluvial cone surface was sometimes stable and 
covered by vegetation. The alluvial cones seem to have been mainly formed by 
sudden debris flows. 
   It is considered that involutions and mass movements under cold climate of the 
last glacial stage were reduced in the age around  14,000  —13,000 yr B.P. in the Kita-
kami Lowland and the Kitakami Mountains (Endo 1977, Higaki 1987, etc.). This 
paper shows that debris flows which formed alluvial cones occured frequently on 
mountain slopes in latest Pleistocene and Holocene times when the climatic condition 
became warmer and wetter. At the same time, the increase of river discharge since 
this period leads to the formation of the lowest river terrace which provided suitable 
places for deposition of material transported by debris flow. 
   Namely the formation of alluvial cone in the northern Kitakami Mountains was 
controled by the change of slope process and the emergence of the lowest river terrace, 
both of which are the results of rapid climatic change since latest Pleistocene time.
5 Conclusion 
   Alluvial cones in the northern Kitakami Mountains have been formed from about 
13,000 yr B.P. to 1,000 yr B.P. mainly by debris flows through the gullies behind. Most 
of them were deposited on the lowest river terrace. Such landform development 
reflects the climatic change, which involves increase of both temperature and precipita-
74 K. SAIJO
tion, since latest Pleistocene time. 
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